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ABSTRACT
Objective the clinical benefit of ursodeoxycholic acid 
(UDca) in primary biliary cholangitis (PBc) has never 
been reported in absolute measures. the aim of this 
study was to assess the number needed to treat (nnt) 
with UDca to prevent liver transplantation (lt) or death 
among patients with PBc.
Methods the nnt was calculated based on the 
untreated lt- free survival and Hr of UDca with respect 
to lt or death as derived from inverse probability of 
treatment weighting- adjusted cox proportional hazard 
analyses within the global PBc Study group database.
Results We included 3902 patients with a median 
follow- up of 7.8 (4.1–12.1) years. the overall Hr of 
UDca was 0.46 (95% ci 0.40 to 0.52) and the 5- year 
lt- free survival without UDca was 81% (95% ci 79 to 
82). the nnt to prevent one lt or death within 5 years 
(nnt5y) was 11 (95% ci 9 to 13). although the Hr of 
UDca was similar for patients with and without cirrhosis 
(0.33 vs 0.31), the nnt5y was 4 (95% ci 3 to 5) and 20 
(95% ci 14 to 34), respectively. among patients with 
low alkaline phosphatase (alP) (≤2× the upper limit of 
normal (Uln)), intermediate alP (2–4× Uln) and high 
alP (>4× Uln), the nnt5y to prevent one lt or death 
was 26 (95% ci 15 to 70), 11 (95% ci 8 to 17) and 5 
(95% ci 4 to 8), respectively.
Conclusion the absolute clinical efficacy of UDca with 
respect to lt or death varied with baseline prognostic 
characteristics, but was high throughout. these findings 
strongly emphasise the incentive to promptly initiate 
UDca treatment in all patients with PBc and may 
improve patient compliance.
InTROduCTIOn
Primary biliary cholangitis (PBC) is a chronic 
disease of the liver characterised by destruction of 
the small intrahepatic bile ducts and formation of 
hepatic fibrosis.1 2 It was recently estimated that 
nowadays 40% of patients with PBC will develop 
cirrhosis within 10 years, at which point patients 
are at increased risk of liver failure and hepatocel-
lular carcinoma.3 As a result, the overall survival 
of patients with PBC is substantially impaired 
as compared with that of a matched general 
population.4
The choleretic and hydrophilic bile acid ursode-
oxycholic acid (UDCA) is currently considered as 
the standard of care for patients with PBC.5–7 Based 
on long- term clinical experience, UDCA is consid-
ered to have a favourable safety profile. The strong 
association between UDCA therapy and prolonged 
liver transplantation (LT)- free survival was recently 
Significance of this study
What is already known on this subject?
 ► Ursodeoxycholic acid is a safe drug that is 
recommended for the treatment of patients 
with primary biliary cholangitis (PBC).
 ► Ursodeoxycholic acid treatment has been 
associated with a reduced relative risk of liver 
transplantation or death.
 ► Up to 30% of patients with PBC is currently 
not being treated with ursodeoxycholic acid in 
Western cohorts.
What are the new findings?
 ► Although the relative risk reduction related to 
ursodeoxycholic acid treatment with respect to 
liver transplantation or death is relatively stable 
over patients’ baseline characteristics, the 
absolute clinical efficacy varies but is generally 
high.
 ► The clinical efficacy of ursodeoxycholic acid can 
be estimated individually according to patients’ 
GLOBE score.
How might it impact on clinical practice in the 
foreseeable future?
 ► Based on these findings, physicians should 
initiate treatment with ursodeoxycholic acid in 
all patients suffering from PBC.
 ► Patients may be more willing to start treatment 
and remain compliant based on their 
individually calculated clinical efficacy measure.
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substantiated in both a large American cohort and our own 
international cohort, with a dose–response relationship high-
lighting the importance of the 13–15 mg/kg dose recommen-
dation.8 Still, even in recent Western cohorts, as much as 30% 
of patients remained untreated and suboptimal UDCA dosages 
were frequently used.9 10 More awareness of and attention for 
the clinical efficacy of UDCA are thus needed in order to opti-
mise the medical management and clinical outcome of the popu-
lation with PBC.
While previous studies only assessed the relative reduction of 
the risk of clinical outcomes with UDCA therapy, our under-
standing of the impact of UDCA could benefit from reports of 
absolute measures of clinical efficacy. The number needed to 
treat (NNT) to prevent one clinical event represents such an 
absolute clinical efficacy measure with clear interpretation for 
physicians, patients and policymakers. Currently, it is not known 
how many patients with PBC should be treated with UDCA to 
prevent one LT or death. Although previously we showed that 
the relative risk reduction with UDCA is stable over various 
patient characteristics, the absolute risk reduction may not be.8 
In this study we aimed to assess the NNT with UDCA to prevent 
one LT or death among patients with PBC. The secondary aims 
were to evaluate the NNT in various subgroups of patients with 
PBC and to estimate the NNT for the individual patient with 
PBC.
PATIenTS And MeTHOdS
Study population and design
For the current study we used the data of patients included in 
the database of the Global PBC Study Group, which is an inter-
national collaboration between liver units across eight countries 
in Europe and Northern America. The database contains data 
from representative long- term followed cohorts on an individual 
patient level of both UDCA- treated and untreated patients. All 
patients had an established diagnosis of PBC according to inter-
nationally accepted guidelines.6 7 Patients were only included 
in case of sufficient follow- up (>6 months and ≥2 recorded 
visits) and when dates of starting UDCA treatment and/or clin-
ical events were known. For the current analyses we excluded 
patients in case an autoimmune overlap syndrome, based on the 
Paris criteria,11 or other concomitant liver disease was present. 
Further details on the methodology of data collection have been 
described in further detail elsewhere.8 12 In line with our previous 
work, 3902 patients were included for the current analyses.8
Statistical analysis
The outcome measure of the current study was the combined 
endpoint of LT and all- cause mortality. Baseline was considered 
to be the first centre visit in untreated patients and the start of 
treatment in patients receiving UDCA. Treatment with UDCA 
for PBC is recommended lifelong and usually initiated promptly 
after diagnosis. Patients were followed until LT or death. In 
patients who remained alive without LT, the follow- up was 
censored at their last visit to the centre. Patients were considered 
lost to follow- up when it was unclear whether they were either 
alive, deceased or underwent LT at the time of data collection. 
Missing baseline data were assumed to be missing at random 
and were handled by means of multiple imputation (SAS Proc 
MI, Markov Chain Monte Carlo method). Hereto, 10 databases 
were generated with use of Rubin’s rules to estimate the parame-
ters and the SE. The biochemical values included for imputation 
were alkaline phosphatase (ALP), aspartate aminotransferase, 
alanine aminotransferase (ALT), total bilirubin, albumin and 
platelet count. Categorical or binary variables were not imputed.
Because treatment was not assigned randomly in our study 
population, our analyses were performed following inverse prob-
ability treatment weighting (IPTW).13 Hereto, following stabili-
sation, weights were assigned to each individual patient based on 
the predictive values derived from a logistic regression model, 
including baseline patient characteristics and laboratory parame-
ters (age, gender, calendar year of diagnosis, total bilirubin, ALP, 
ALT, platelet count, albumin), with UDCA therapy as dependent 
variable.8 14 After weighting a balance assessment was performed 
which previously showed that there were no remaining differ-
ences in baseline characteristics between the UDCA- treated and 
untreated patients.15 Subsequently, the association between time 
to LT or death and UDCA therapy was assessed through Cox 
proportional hazard regression analyses.
The NNT to prevent one LT or death within (t) years with 
UDCA therapy can be calculated with the observed LT- free 
survival in patients without treatment and the estimated benefit 
of UDCA on LT- free survival, which are both derived from 
IPTW- adjusted Cox regression analyses. The NNTs were esti-
mated using the following formula: NNT=(1/(LT- free surviv-
aluntreated(t)
HR UDCA) − (LT- free survivaluntreated(t))).
16 The 95% CI 
of both the LT- free survival and the HR of UDCA was taken 
into account to address the uncertainty of the NNT. Unrounded 
numbers of HR and untreated survival were used to calculate the 
NNT. The NNT was always rounded up. Although the NNT to 
prevent one LT or death can be calculated for every time point 
(t) during the follow- up (NNT(t)y), we primarily report the NNT 
to prevent one LT or death within 5 years (NNT5y) throughout 
the manuscript. Stratified analyses were performed based on 
categorised baseline characteristics.
The individualised NNT5y was estimated using the GLOBE 
score, a validated objective prognostic tool which accurately 
predicts LT- free survival after 1 year of UDCA therapy. The 
GLOBE score is calculated with the following formula: 0.044378 
× age + 0.93982 × LN(bilirubin) + 0.335648 × LN(ALP) 
+ 2.266708 × albumin + 0.002581 × platelets (per 109/L) 
+ 1.216865 (bilirubin and ALP in ‘× upper limit of normal’ 
and albumin in ‘× lower limit of normal’).17 First, the predic-
tive accuracy of the GLOBE score (calculated with the variables 
at baseline) for LT or death was assessed in untreated patients 
using the c- statistic.18 19 Calibration analyses were performed by 
comparing the predicted mortality rates with those observed, 
stratified for four range categories of the GLOBE score. Second, 
a multivariable Cox regression model for LT or death including 
the GLOBE was constructed. Linearity was assessed by including 
polynomial terms, which remained included in the multivariate 
model in case these were statistically significantly associated 
with the outcome measure. Subsequently, the HR of UDCA was 
calculated for each value of the GLOBE score. With the GLOBE 
score thus representing an untreated LT- survival estimate and an 
HR of UDCA, the NNT could be predicted for the individual 
patient.
The clinical efficacy of UDCA treatment was also assessed 
according to biochemical response at year 1. Hereto, patients 
were stratified based on their ALP level, with a cut- off of 1.67× 
the upper limit of normal (ULN). An ALP ≥1.67× ULN was 
defined as a suboptimal response. Cox proportional hazard 
analyses provided HRs regarding LT or death of UDCA per 
response group and were adjusted for all baseline characteristics 
as these are associated with both the long- term outcome and the 
biochemical response to UDCA. The untreated LT- free survival 
was estimated based on the median GLOBE score at baseline, 
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Table 1 Baseline characteristics
Overall
n=3902
udCA- treated
n=3529
untreated
n=373 P value
Age at diagnosis, years* 52.3 (11.9) 52.1 (11.7) 54.1 (13.4) <0.001
Female, n (%) 3552/3902 (91.0) 3209/3529 (90.9) 343/373 (92.0) 0.510
AMA- positive, n (%) 3507/3862 (90.8) 3175/3491 (90.9) 332/371 (89.5) 0.418
Year of diagnosis† 1996 (1990–2003) 1997 (1990–2003) 1992 (1982–2000) <0.001
Histological disease stage, n (%)‡ <0.001
  Stage I 784/2173 (36.1) 739/2076 (35.6) 45/97 (46.4)
  Stage II 671/2173 (30.9) 657/2076 (31.6) 14/97 (14.4)
  Stage III 365/2173 (16.8) 351/2076 (16.9) 14/97 (14.4)
  Stage IV 353/2173 (16.2) 329/2076 (15.8) 24/97 (24.7)
Serum bilirubin (ULN)† 0.63 (0.44–1.00) 0.62 (0.44–1.00) 0.65 (0.43–1.38) 0.081
Serum ALP (ULN)† 2.29 (1.41–3.95) 2.32 (1.46–4.00) 1.94 (1.11–3.51) <0.001
Serum AST (ULN)† 1.53 (1.03–2.31) 1.56 (1.05–2.34) 1.25 (0.75–2.00) <0.001
Serum ALT (ULN)† 1.68 (1.05–2.63) 1.71 (1.09–2.68) 1.20 (0.75–1.83) <0.001
Serum albumin (LLN)† 1.15 (1.06–1.25) 1.15 (1.06–1.25) 1.15 (1.03–1.26) 0.840
Platelet count (x 109/L)† 245 (190–300) 248 (195–303) 217 (146–271) <0.001
Biochemical disease stage, n (%)§ <0.001
  Early 1576/2296 (68.6) 1376/1980 (69.5) 200/316 (63.3)
  Advanced 559/2296 (24.3) 484/1980 (24.4) 75/316 (23.7)
  Severe 161/2296 (7.0) 120/1980 (6.1) 41/316 (13.0)
Serum bilirubin was missing for 1020 (26%) patients, serum ALP for 1069 (27%), serum AST for 1175 (30%), serum ALT for 1294 (33%), serum albumin for 1533 (39%) and 
platelet count for 1720 (44%). AMA status was missing for 40 (1.9%) patients.
*Data are expressed as mean and SD.
†Data are expressed as median and IQR.
‡Histological disease stage according to Ludwig and Scheuer’s classification.28
§Biochemical disease stage according to Rotterdam criteria.29
ALP, alkaline phosphatase; ALT, alanine aminotransferase;AMA, antimitochondrial antibodies; AST, aspartate aminotransferase; LLN, lower limit of normal; UDCA, ursodeoxycholic 
acid; ULN, upper limit of normal.
thus prior to initiation of UDCA therapy, in each response 
group.
All statistical tests were two- sided, and a p value <0.05 was 
considered to be statistically significant. The significance level 
for interactions was set at p<0.01 to correct for multiple testing. 
Statistical analyses were performed in SPSS Statistics V.21.0 and 
SAS V.9.4.
Patient and public involvement statement
Patients were not involved in the design or conduct of this study.
ReSulTS
Cohort characteristics
Included in the study were 3902 patients with PBC, predomi-
nantly female (91.0%) and with a mean (SD) age of 54.3 (11.9). 
Treated with UDCA were 3529 (90.4%) patients and not treated 
with UDCA were 373 (9.6%) patients. In our study the median 
(IQR) interval between the first centre visit and start of UDCA 
was 2.9 months (0–29). Table 1 shows the baseline characteristics 
according to the treatment with UDCA prior to IPTW. Following 
adjustment with IPTW there were no remaining baseline char-
acteristics which differed statistically significantly between the 
two groups. Patients were followed for a median of 7.8 (IQR 
4.1–12.1) years. Of a total of 3902 patients, 306 patients (7.8%) 
were lost to follow- up. During follow- up, a total of 299 patients 
underwent LT and 567 patients died. The primary endpoint of 
LT or death was observed in 721 UDCA- treated patients and 
145 untreated patients.
nnT5y with udCA to prevent one lT or death
Following IPTW adjustment, the 5- year cumulative LT- free 
survival without UDCA therapy was 81.0% (95% CI 79.3 to 
82.7). The overall adjusted HR of UDCA for LT or death was 
0.46 (95% CI 0.40 to 0.52, p<0.001). As a result, the NNT5y to 
prevent LT or death in one patient was 11 (95% CI 9 to 13). With 
a proportional HR of UDCA over time, the cumulative LT- free 
survival in untreated patients at (t) years drives the estimated 
NNT to prevent one LT or death over that specific duration of 
therapy. With a 10- year cumulative LT- free survival of 60.7% 
(95% CI 58.2 to 63.4) in the absence of UDCA, the NNT10y to 
prevent one LT or death was 6 (95% CI 5 to 7). Figure 1 shows 
the NNT(t)y to prevent one LT or death according to various 
durations of UDCA therapy.
Relative risk reduction versus absolute risk reduction in 
stratified subgroups
Table 2 presents the adjusted HRs of UDCA with respect to LT 
or death, the adjusted cumulative LT- free survival in UDCA- 
untreated patients and the adjusted NNT to prevent one LT or 
death within 5 and 10 years for various subgroups of patients. 
As previously described, the HR of UDCA for LT or death was 
stable over the baseline characteristics and only differed statis-
tically significantly among patients stratified according to their 
baseline age and ALP and albumin levels.8
As example, when comparing the relative reduction of the risk 
of LT or death with UDCA therapy between patients with early 
biochemical disease (adjusted HR 0.37, 95% CI 0.30 to 0.47) 
or patients with intermediate biochemical disease (adjusted 
HR 0.32, 95% CI 0.25 to 0.40) with patients with advanced 
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Figure 1 Adjusted NNT to prevent one LT or death according to 
treatment duration. The solid line represents the adjusted NNT with 
UDCA among patients with PBC to prevent one LT or death according 
to various treatment durations on the x- axis. The dotted lines represent 
the 95% CI, which are based on both the 95% CI of the adjusted HR of 
UDCA with respect to the occurrence of LT or death and 95% CI of the 
cumulative LT- free survival in patients without UDCA therapy. Results 
are adjusted for sex, age, year of diagnosis, albumin, platelet count, 
bilirubin, alkaline phosphatase, aspartate aminotransferase and alanine 
aminotransferase. LT, liver transplantation; NNT, number needed to treat; 
PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid.
biochemical disease (adjusted HR 0.50, 95% CI 0.37 to 0.70), 
a small but not significant difference is observed. In absolute 
terms, however, the adjusted NNT5y to prevent one LT or death 
was substantially higher among those with early biochemical 
disease (22, 95% CI 17 to 32) as opposed to those with interme-
diate or advanced disease (5 (95% CI 4 to 6) and 5 (95% CI 3 to 
8), respectively). The beneficial NNT in patients with advanced 
biochemical response is explained by the higher 5- year cumu-
lative incidence of LT or death (26.2%, 95% CI 20.4 to 33.7).
The IPTW- adjusted HR of UDCA was statistically significantly 
stronger among the youngest quartile of patients (≤46.0 years; 
0.33, 95% CI 0.24 to 0.46) as compared with those in the inter-
quartile age range (46.0–62.7 years; 0.46, 95% CI 0.37 to 0.56) 
and the oldest quartile of patients (>62.7 years; 0.60, 95% CI 
0.48 to 0.76), while the cumulative 5- year LT- free survival rates 
without UDCA were rather similar among the three age groups. 
The stronger adjusted HR of UDCA among patients ≤46 years 
resulted in an adjusted NNT5y to prevent one LT or death of 9 
(95% CI 7 to 14), which was lower as compared with 10 (95% 
CI 8 to 14) in those aged 46.0–62.7 years and 14 (95% CI 9 to 
28) in those older than 62.7 years.
Predicted individual nnT to prevent one lT or death
In the untreated population, the discriminative ability of the 
GLOBE score was strong with a c- statistic of 0.81 (95% CI 0.78 
to 0.85). The observed 5- year transplant- free survival was in line 
with the predicted estimates using the GLOBE score (figure 2). 
Figure 3 shows the polynomial function of the HR of UDCA 
according to the GLOBE score, which was significant to the 
fourth degree. Using the estimated 5- year survival that relates 
to every value of the GLOBE score, we predicted the NNT5y for 
any given GLOBE score (figure 4). An NNT5y ≤10 to prevent 
one LT/death is achieved in patients with a GLOBE score ≥0.94 
(NNT10y=5), an NNT5y of 20 in patients with a GLOBE score of 
0.10 (NNT10y=9), while the NNT5y is ≥50 in case the GLOBE 
score is <−0.62 (NNT10y=20).
Relative risk reduction versus absolute risk reduction 
according to biochemical response
In our cohort, 2084 (59.1%) UDCA- treated patients had an 
ALP <1.67× ULN at year 1, and their 5- year and 10- year 
LT- free survival rates were 94.0% and 84.7%. These patients 
had a lower risk of LT or death (adjusted HR 0.35, 95% CI 
0.29 to 0.42, p<0.0001) as opposed to those without UDCA. 
In contrast, 1445 (40.9%) patients had a suboptimal biochem-
ical response. In these patients the 5- year and 10- year LT- free 
survival rates were 88.0% and 70.9%. Although less strong, a 
suboptimal response to UDCA remained associated with a statis-
tically significantly lower risk of LT or death as compared with 
no UDCA (adjusted HR 0.42, 95% CI 0.36 to 0.50, p<0.0001).
Among patients with an ALP <1.67× ULN, the median 
GLOBE score prior to UDCA treatment was −0.0266, which 
translates into an estimated 5- year and 10- year LT- free survival 
rates of 94.0% and 84.7%. As a result, the NNT was 26 (95% CI 
24 to 29) and 11 (95% CI 10 to 12) to prevent one LT or death 
in 5 or 10 years, respectively. In contrast, the median GLOBE 
score prior to UDCA treatment was 0.6978 among patients with 
a suboptimal biochemical response, leading to estimated 5- year 
and 10- year LT- free survival rates of 88.0% and 70.9%. As a 
result, their NNT5y was 15 (95% CI 14 to 18) and the NNT10y 
was 7 (95% CI 6 to 8).
dISCuSSIOn
In our large international cohort, the overall number of patients 
with PBC which needed to be treated with UDCA to prevent 
one LT or death within 5 years was 11, as the related relative risk 
reduction was 2.2 and the cumulative 5- year incidence of LT/
death in untreated patients was approximately 19%. This NNT, 
as an absolute measure of clinical efficacy, further decreased in 
case one LT/death had to be prevented over longer periods of 
time. This is relevant, as UDCA is recommended as a lifelong 
therapy for patients with PBC. The NNT fluctuated according 
to baseline patient characteristics, which is predominantly 
explained by differences in the natural history of PBC in various 
subgroups. Nevertheless, the clinical efficacy of UDCA in terms 
of the NNT to postpone one LT or death with at least 5 years can 
be considered low throughout.
In the current study, the NNT was assessed across all relevant 
patient subgroups. We previously found that the relative reduc-
tion in the risk of LT/death associated with UDCA was gener-
ally stable.8 For instance, the HR of UDCA was similar among 
patients with cirrhosis (HR 0.33) and patients without cirrhosis 
(HR 0.31). However, the absolute clinical efficacy of UDCA was 
considerably lower among patients with cirrhosis (NNT5y=4) as 
compared with those without cirrhosis (NNT5y=20). This differ-
ence is explained by the substantially higher cumulative 5- year 
incidence of LT/death in untreated patients with cirrhosis (52%) 
than in those without cirrhosis (7%). This emphasises the rele-
vance of appreciating the clinical setting when evaluating the 
clinical benefit of a therapeutic intervention, which is consid-
ered when using the NNT as a measure of efficacy. The relative 
risk reduction associated with UDCA with respect to LT/death 
did differ according to ALP, age and albumin.8 ALP is an estab-
lished prognostic marker for long- term outcome.12 20 Among 
patients with a high ALP level (>4× ULN), the HR of UDCA 
was stronger and the cumulative 5- year incidence of LT/death in 
the absence of treatment was higher in comparison with patients 
with lower ALP levels. Both factors contributed to the consider-
ably lower NNT5y to prevent LT/death in patients with high ALP 
(5) than in those with low ALP levels (≤2× ULN: 26) before the 
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Table 2 NNT with UDCA to prevent one LT or death in 5 and 10 years in subgroups of patients with PBC
Characteristics
Adjusted HR 
(95% CI)* P value HR
untreated lT- free 
survival5y (95% CI) nnT5y (95% CI)†¶
untreated lT- free 
survival10y (95% CI)
nnT10y 
(95% CI)†¶
Sex
  Male 0.52 (0.35 to 0.77) 0.0011 0.68 (0.60 to 0.76) 8 (5 to 21) 0.55 (0.46 to 0.64) 6 (4 to 15)
  Female 0.44 (0.38 to 0.52) <0.0001 0.82 (0.80 to 0.84) 11 (9 to 14) 0.62 (0.59 to 0.64) 6 (5 to 7)
Age (years)
  ≤46.0 0.33 (0.24 to 0.46) <0.0001 0.83 (0.79 to 0.86) 9 (7 to 14) 0.60 (0.55 to 0.66) 5 (3 to 6)
  46.0–62.7 0.46 (0.37 to 0.56) <0.0001 0.80 (0.78 to 0.83) 10 (8 to 14) 0.67 (0.64 to 0.71) 7 (5 to 9)
  >62.7 0.60 (0.48 to 0.76) <0.0001 0.81 (0.77 to 0.84) 14 (9 to 28) 0.52 (0.47 to 0.58) 7 (5 to 13)
Cirrhosis‡
  No 0.32 (0.24 to 0.42) <0.0001 0.92 (0.90 to 0.95) 20 (14 to 34) 0.71 (0.66 to 0.76) 6 (5 to 8)
  Yes 0.31 (0.24 to 0.40) <0.0001 0.48 (0.42 to 0.54) 4 (3 to 5) 0.33 (0.27 to 0.39) 3 (3 to 4)
Disease stage§
  Early 0.37 (0.30 to 0.47) <0.0001 0.92 (0.91 to 0.94) 22 (17 to 32) 0.78 (0.75 to 0.80) 8 (6 to 11)
  Intermediate 0.32 (0.25 to 0.40) <0.0001 0.62 (0.57 to 0.67) 5 (4 to 6) 0.22 (0.17 to 0.28) 3 (3 to 4)
  Advanced 0.50 (0.37 to 0.70) 0.0001 0.26 (0.20 to 0.34) 5 (3 to 8) 0.14 (0.92 to 0.20) 5 (4 to 9)
ALP
  ≤2× ULN 0.61 (0.45 to 0.82) 0.0014 0.90 (0.87 to 0.92) 26 (15 to 70) 0.79 (0.75 to 0.82) 13 (8 to 35)
  2–4× ULN 0.46 (0.36 to 0.59) <0.0001 0.82 (0.79 to 0.85) 11 (8 to 17) 0.59 (0.56 to 0.64) 6 (4 to 8)
  >4× ULN 0.36 (0.25 to 0.52) <0.0001 0.66 (0.62 to 0.70) 5 (4 to 8) 0.41 (0.36 to 0.46) 4 (3 to 5)
Bilirubin
  ≤ULN 0.39 (0.32 to 0.48) <0.0001 0.91 (0.90 to 0.92) 19 (15 to 27) 0.75 (0.72 to 0.78) 7 (6 to 10)
  >ULN 0.40 (0.33 to 0.48) <0.0001 0.49 (0.45 to 0.53) 4 (4 to 5) 0.20 (0.16 to 0.25) 4 (3 to 4)
Albumin
  <LLN 0.32 (0.24 to 0.43) <0.0001 0.35 (0.29 to 0.41) 3 (3 to 4) 0.15 (0.11 to 0.21) 3 (3 to 4)
  ≥LLN 0.46 (0.40 to 0.54) <0.0001 0.87 (0.86 to 0.89) 16 (13 to 21) 0.68 (0.66 to 0.71) 7 (6 to 9)
Platelet count
  <150×109/L 0.48 (0.35 to 0.46) 0.0007 0.52 (0.47 to 0.58) 5 (4 to 9) 0.27 (0.22 to 0.34) 4 (3 to 7)
  ≥150×109/L 0.44 (0.37 to 0.52) <0.0001 0.86 (0.84 to 0.87) 14 (11 to 18) 0.68 (0.65 to 0.70) 7 (5 to 8)
*HRs were adjusted for sex, age, year of diagnosis, albumin, platelet count, bilirubin, alkaline phosphatase, aspartate aminotransferase and alanine aminotransferase;.
†The 95% CI of the NNT was based on both the 95% CI of the adjusted HR of UDCA as well as on the 95% CI of the cumulative 5- year LT- free survival in patients without UDCA 
therapy.
‡Baseline histological data were available for 2173 patients;.
§Biochemical disease stage according to Rotterdam criteria.29
¶As the number needed to treat always needs to be rounded up, decimal differences in absolute clinical efficacy cannot be presented.
ALP, alkaline phosphatase; LLN, lower limit of normal; LT, liver transplantation; NNT, number needed to treat; PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid; ULN, 
upper limit of normal; 5y, 5 years; 10y, 10 years.
initiation of UDCA. Young age was associated with a stronger 
relative risk reduction related to UDCA treatment. Although 
younger age is normally inversely associated with the risk of 
death, patients who develop PBC at a young age are known to 
have a more aggressive phenotype.21 Indeed, the cumulative 
LT- free survival among untreated patients with PBC aged ≤46 
years in our cohort was similar as compared with that of older 
patient subgroups. As a result, the NNT5y was only slightly lower 
in patients ≤46 years (9) as compared with patients aged 46–63 
years (10) and >63 (14). In line with the above, the absolute 
clinical efficacy of UDCA therapy was stronger among patients 
with a suboptimal biochemical response at year 1, despite an 
inferior relative risk reduction. Although this might seem coun-
terintuitive, this is explained by the impaired untreated LT- free 
survival in these patients when compared with those with an 
ALP <1.67× ULN after year 1.
As exemplified in the previous paragraph, the untreated prog-
nosis strongly affects the absolute clinical efficacy of UDCA. 
For an individual patient, multiple baseline characteristics 
need to be considered, while it would be desirable to estimate 
a single patient- specific NNT. We showed that the GLOBE 
score, originally developed as an objective tool to estimate 
LT- free survival after 1 year on UDCA treatment, also accurately 
predicts prognosis in untreated patients. Hereafter, we esti-
mated the individualised clinical efficacy of UDCA according 
to the GLOBE score. In this analysis we allowed the HR of 
UDCA to fluctuate with the GLOBE score as it incorporates ALP 
and age, the two variables with most profound and significant 
impact on the relative risk reduction of UDCA. An estimation 
of an individual NNT can be helpful for patient counselling 
and supporting therapeutic compliance. For example, patients 
might be more willing to accept perceived side effects due to an 
improved understanding of the expected absolute risk reduction. 
Noteworthy is that a high NNT with UDCA was usually a result 
of a favourable natural history rather than the absence of a rela-
tive benefit of UDCA.
To the best of our knowledge, this is the first study to assess the 
benefit of UDCA treatment in PBC in absolute risk reduction as 
measured by the NNT to prevent clinical endpoints. Assessment 
of the NNT is rare in the field of hepatology, but has recently 
gained popularity in many other fields of medicine. The advan-
tage of the NNT is that it is easy to interpret for both patients 
and physicians as it combines the therapy- induced relative risk 
reduction and patients’ a priori risk of unfavourable outcome 
in a single parameter. The NNT can be expressed for any given 
treatment duration, which is especially relevant for chronic 
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Figure 2 Observed versus predicted LT- free survival according to 
categorised risk groups. The dots represent four subgroups of patients 
in our cohort based on GLOBE score range with the corresponding 
mean predicted LT- free survival (x- axis) and observed LT- free survival 
(y- axis). From left to right: (1) a GLOBE score of >0.91, corresponding to 
a 5- year risk of >20%; (2) a GLOBE score of 0.51–0.91, corresponding 
to a 5- year risk of 10%–20%; (3) a GLOBE score of −0.21 to 0.51, 
corresponding to a 5- year risk of 5%–10%; and (4) a GLOBE score 
≤−0.21, corresponding to a 5- year risk of ≤5%. LT, liver transplantation.
Figure 3 HR of UDCA on LT- free survival according to the GLOBE 
score. The graph shows a non- linear relationship, in which the function 
of the GLOBE score was significant to the fourth degree. LT, liver 
transplantation; UDCA, ursodeoxycholic acid.
Figure 4 Individualised NNT5y according to the GLOBE score, 
visualised against the estimated 5- year risk of LT or death. The solid 
line represents the estimated 5- year risk of LT or death according to the 
GLOBE score, plotted against the right y- axis. The dotted line represents 
NNT for 5 years to prevent the occurrence of one LT or death according 
to the GLOBE score, plotted against the left y- axis. The grey bars 
represent an independent histogram of the number of patients in our 
cohort according to their GLOBE score, in which the number of patients 
represented by the bars is shown on the left y- axis. 5yr, 5 years; LT, liver 
transplantation; NNT, number needed to treat.
diseases such as PBC in which lifelong treatment is required. 
While policymakers may be interested in long- term effects of 
therapy, patients are more likely to prioritise short- term bene-
fits. Moreover, physicians’ willingness to treat is reported 
to be dependent of the measure in which treatment benefit is 
presented. Providing information on both relative and absolute 
clinical efficacy may therefore prevent misinterpretation and aid 
well- informed decision making in daily clinical practice.22–24
As part of our study we validated the GLOBE score to accu-
rately predict the LT- free survival in untreated patients with 
PBC. The availability of such an objective natural history score 
is relevant, also in light of novel second- line therapies which 
will no longer be compared with a placebo arm given the strong 
evidence for a beneficial effect of UDCA for all patients with 
PBC.8 The GLOBE score can thus aid to evaluate the potential 
additional benefit of new drugs that are added to the treat-
ment with UDCA, and might be preferable over older predic-
tion models such as the Mayo Risk Score as it is solely based on 
readily available and objective parameters.25
Strengths of the current study include the use of a large, inter-
nationally representative cohort with long- term follow- up and 
many clinical endpoints in both UDCA- treated and untreated 
patients. Furthermore, to ensure accurate estimation of the 
NNT, both the 95% CI of the HR of UDCA as well as the CI of 
the estimated survival in the untreated population were taken 
into account. Additionally, in a sensitivity analysis in patients 
diagnosed in or after 1990, performed to ensure results are 
compatible with present- day clinical practice, the relative risk 
reduction associated with UDCA therapy was similar (data not 
shown). A number of limitations should also be noted. First, a 
potential selection bias in this study is represented by the fact 
that the majority of included patients were treated in tertiary 
liver centres. Second, potential improvement in survival within 
the timespan that is chosen to express the NNT is not consid-
ered when using the NNT as a measure of risk reduction, which 
could thus lead to an underestimation of treatment benefit. 
Third, the NNT assumes a causal relationship between UDCA 
and prolonged LT- free survival. This has long been subject to 
debate, especially due to Cochrane reporting an absence of treat-
ment benefit.26 As this is a retrospective study in which IPTW 
was used to adjust for the small differences in baseline charac-
teristics, residual confounding can never be fully ruled out. We 
are lacking data on the reasons for not treating patients with 
PBC with UDCA, but especially shortly after its introduction it 
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can be hypothesised that physicians may have been unaware of 
UDCA or not convinced about its benefits. Also, patients may 
have been unwilling to use this relatively new drug at that time. 
Because UDCA has no relevant contraindications, however, we 
consider it to be unlikely that the association between UDCA and 
improved LT- free survival is completely confounded by a patient- 
related factor which would have influenced both the chance of 
receiving UDCA and the risk of LT or death. In fact, both the 
positive association with clinical outcome in extensively adjusted 
analyses in large cohort studies and the finding of an improved 
LT- free survival in UDCA- treated patients with advanced disease 
in an older randomised controlled trial have provided a general 
consensus on the assumed causal UDCA treatment benefit.6–8 27
In conclusion, in this first study to assess the efficacy of UDCA 
in absolute measures, we report that the NNT with UDCA to 
prevent LT or death is generally low, but can be assessed for indi-
vidual patients with PBC. These results provide a clear under-
standing of the clinical importance of optimised UDCA therapy 
for patients and doctors, thereby stimulating compliance and 
treatment uptake.
Author affiliations
1Department of gastroenterology and Hepatology, erasmus University Medical 
center, rotterdam, the netherlands
2Service d’Hépatologie, centre de référence des Maladies inflammatoires des Voies 
Biliaires, Hôpital Saint- antoine, aPHP, Paris, France
3the Sheila Sherlock liver centre and Ucl institute for liver and Digestive Health, 
royal Free Hospital, london, UK
4toronto centre for liver Disease, Francis Family liver clinic, toronto Western 
Hospital liver centre, toronto, Ontario, canada
5college of Health Solutions, arizona State University, Phoenix, arizona, USa
6Department of gastroenterology and Hepatology, Mayo clinic, rochester, 
Minnesota, USa
7Birmingham niHr Biomedical research centre and centre for liver research, 
University of Birmingham, Birmingham, UK
8liver Unit, Hospital clínic, ciBerehd, iDiBaPS, University of Barcelona, Barcelona, 
Spain
9Department of Surgery, Oncology and gastroenterology, Universita degli Studi di 
Padova, Padova, italy
10Digestive and liver Diseases, Ut Southwestern Medical center, Dallas, texas, USa
11Division of gastroenterology and Program for autoimmune liver Diseases, 
international center for Digestive Health, Department of Medicine and Surgery, 
University of Milan- Bicocca, Monza, italy
12Department of Health Sciences, University of Milan, Milano, italy
13Department of Hepatology, UZ leuven, leuven, Belgium
14Department of gastroenterology and Hepatology - location academic Medical 
center, amsterdam University Medical centres, amsterdam, the netherlands
15Division of gastroenterology and Hepatology, University of alberta, edmonton, 
alberta, canada
16liver care network and Organ care research, Swedish Medical center, Seattle, 
Washington, USa
Twitter gideon M Hirschfield @autoimmuneliver
Acknowledgements this study was performed on behalf of the global PBc Study 
group.
Contributors guarantor of the article: MHH and aJvdM. MHH and aJvdM had 
full access to all data in the study and take responsibility for the integrity of the 
data and the accuracy of data analyses. Study concept and design: MHH, rcdV, Wl, 
cc, Dt, HlaJ, Kl, Pt, gH, aP, aF, MM, Pi, PMB, Fn, cYP, aM, KK, BeH, HvB, aJvdM. 
acquisition of data: MHH, Wl, cc, Dt, HlaJ, Kl, Pt, gH, aP, aF, MM, Pi, PMB, Fn, cYP, 
aM, KK, BeH, HvB, aJvdM. analysis and interpretation of data: MHH, rcdV, aJvdM. 
Drafting of the manuscript: MHH, rcdV, cc, Dt, BeH, HvB, aJvdM. critical revision of 
the manuscript for important intellectual content: MHH, rcdV, Wl, cc, Dt, HlaJ, Kl, 
Pt, gH, aP, aF, MM, Pi, PMB, Fn, cYP, aM, KK, BeH, HvB, aJvdM. Statistical analysis: 
MHH, aJvdM. Obtained funding: BeH, HvB. Study supervision: MHH, rcdV, Wl, cc, Dt, 
HlaJ, Kl, Pt, gH, aP, aF, MM, Pi, PMB, Fn, cYP, aM, KK, BeH, HvB, aJvdM.
Funding this investigator- initiated study was supported by an unrestricted 
grant from intercept Pharmaceuticals and was funded by the Foundation for liver 
and gastrointestinal research (a not- for- profit foundation) in rotterdam, the 
netherlands. the supporting parties had no influence on the study design, data 
collection and analyses, writing of the manuscript, or on the decision to submit the 
manuscript for publication.
Competing interests MHH reports a speaker fee from Zambon nederland. 
Wl reports consulting services for intercept Pharmaceuticals. cc is a consultant 
for intercept Pharmaceuticals France. Dt reports consulting activities for intercept 
Pharmaceuticals. HlaJ reports grants from and consulting work for abbVie 
Pharmaceuticals, Bristol- Myers Squibb, gilead Sciences, innogenetics, Merck, 
novartis, roche, intercept Pharmaceuticals and Janssen. Kl reports that he is an 
unpaid advisor for intercept Pharmaceuticals and Shire. Pt receives institutional 
salary support from the niHr Birmingham liver Biomedical research centre. He 
received research grant funding from the Wellcome trust, guts UK, PSc Support 
and intercept Pharmaceuticals. He also received advisory and consultancy fees from 
intercept and Dr Falk Pharma, and speaker fees from intercept, Dr Falk Pharma, 
Zambon and Perspectum Diagnostics. gH reports advisory services for intercept 
Pharmaceuticals, novartis and glaxoSmithKline Pharmaceuticals. aP reports 
consulting services for intercept Pharmaceuticals and novartis Pharma. aF reports 
consulting activities for intercept Pharmaceuticals. Pi reports personal fees from 
intercept and non- financial support from Bruschettini and Menarini Diagnostics. 
cYP has received grant support form takeda, speaker’s fees from abbVie, takeda 
and Dr Falk Pharma, and served as a consultant for takeda and Pliant. aM reports 
advisory services for intercept Pharmaceuticals, abbVie and novartis, and research 
funding resources from the canadian institutes of Health research, canadian liver 
Foundation, american Kennel club, intercept Pharmaceuticals, abbVie and gilead 
Sciences. KK reports personal fees from gilead Sciences, intercept Pharmaceuticals 
and novartis, and grants from gilead Sciences and intercept Pharmaceuticals. 
BeH reports grants from intercept Pharmaceuticals and Zambon nederland, and 
consulting work for intercept Pharmaceuticals and novartis. HvB is a consultant for 
intercept Pharma Benelux and received unrestricted research grants from intercept 
Pharmaceuticals and from Zambon nederland. aJvdM reports speaker’s fees from 
MSD, gilead Sciences, abbVie Pharmaceuticals and Zambon nederland, received an 
unrestricted grant from gilead Sciences, and reports travel expenses covered by Dr 
Falk Pharma.
Patient consent for publication not required.
ethics approval this study was conducted in accordance with the Declaration 
of Helsinki. the protocol was approved by the institutional research board of the 
corresponding centre and at each participating centre, in accordance with their local 
regulations.
Provenance and peer review not commissioned; externally peer reviewed.
data availability statement no data are available.
Open access this is an open access article distributed in accordance with the 
creative commons attribution 4.0 Unported (cc BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.
ORCId id
adriaan J van der Meer http:// orcid. org/ 0000- 0003- 1604- 0931
RefeRences
 1 Kaplan MM, gershwin Me. Primary biliary cirrhosis. N Engl J Med Overseas Ed 
2005;353:1261–73.
 2 carey eJ, ali aH, lindor KD. Primary biliary cirrhosis. The Lancet 2015;386:1565–75.
 3 trivedi PJ, lammers WJ, van Buuren Hr, et al. Stratification of hepatocellular 
carcinoma risk in primary biliary cirrhosis: a multicentre international study. Gut 
2016;65:321–9.
 4 Prince M, chetwynd a, newman W, et al. Survival and symptom progression in a 
geographically based cohort of patients with primary biliary cirrhosis: follow- up for up 
to 28 years. Gastroenterology 2002;123:1044–51.
 5 Working subgroup for clinical practice guidelines for primary biliary c. guidelines for 
the management of primary biliary cirrhosis: the intractable hepatobiliary disease 
Study group supported by the Ministry of health, labour and welfare of Japan. 
Hepatol Res 2014;44:71–90.
 6 lindor KD, Bowlus cl, Boyer J, et al. Practice guidance from the american association 
for the study of liver diseases. Hepatology 2018;2019:394–419.
 7 Hirschfield gM, Beuers U, corpechot c, et al. eaSl clinical practice guidelines: the 
diagnosis and management of patients with primary biliary cholangitis. J Hepatol 
2017;67:145–72.
 8 Harms MH, van Buuren Hr, corpechot c, et al. Ursodeoxycholic acid therapy and 
liver transplant- free survival in patients with primary biliary cholangitis. J Hepatol 
2019;71:357–65.
 9 Haboubi H, Shenbagaraj l, abdul- Sattar a, et al. Fri-057- a review of primary biliary 
cholangitis practice in Wales: time for specialist care. J Hepatol 2019;70:e409–10.
 10 lu M, Zhou Y, Haller iV, et al. increasing prevalence of primary biliary 
cholangitis and reduced mortality with treatment. Clin Gastroenterol Hepatol 
2018;16:1342–50.
 o
n
 June 18, 2020 at Universita degli Studi di M
ilano. Protected by copyright.
http://gut.bmj.com/
G
ut: first published as 10.1136/gutjnl-2019-319057 on 16 December 2019. Downloaded from 
8 Harms MH, et al. Gut 2019;0:1–8. doi:10.1136/gutjnl-2019-319057
Hepatology
 11 chazouillères O, Wendum D, Serfaty l, et al. Primary biliary cirrhosis- autoimmune 
hepatitis overlap syndrome: clinical features and response to therapy. Hepatology 
1998;28:296–301.
 12 lammers WJ, van Buuren Hr, Hirschfield gM, et al. levels of alkaline phosphatase 
and bilirubin are surrogate end points of outcomes of patients with primary biliary 
cirrhosis: an international follow- up study. Gastroenterology 2014;147:1338–49.
 13 lanehart re, rodriguez de gil P, Sook Kim e, et al. Propensity score analysis and 
assessment of propensity score approaches using SaS® procedures. SAS Global 
Forum 2012:5–6.
 14 robins JM, Hernán Miguel Ángel, Brumback B. Marginal structural models and causal 
inference in epidemiology. Epidemiology 2000;11:550–60.
 15 austin Pc. the use of propensity score methods with survival or time- to- event 
outcomes: reporting measures of effect similar to those used in randomized 
experiments. Stat Med 2014;33:1242–58.
 16 altman Dg, andersen PK. calculating the number needed to treat for trials where the 
outcome is time to an event. BMJ 1999;319:1492–5.
 17 lammers WJ, Hirschfield gM, corpechot c, et al. Development and validation of a 
scoring system to predict outcomes of patients with primary biliary cirrhosis receiving 
ursodeoxycholic acid therapy. Gastroenterology 2015;149:1804–12.
 18 Kremers WK. Concordance for survival time data: fixed and time- dependent covariates 
and possible ties in predictor and time. Department of Health Sciences research and 
the William J. von liebig transplant center Mayo clinic, 2007.
 19 Heagerty PJ, Zheng Y. Survival model predictive accuracy and rOc curves. Biometrics 
2005;61:92–105.
 20 Parés a, caballería l, rodés J. excellent long- term survival in patients with primary 
biliary cirrhosis and biochemical response to ursodeoxycholic acid. Gastroenterology 
2006;130:715–20.
 21 carbone M, Mells gF, Pells g, et al. Sex and age are determinants of the clinical 
phenotype of primary biliary cirrhosis and response to ursodeoxycholic acid. 
Gastroenterology 2013;144:560–9.
 22 naylor cD, chen e, Strauss B. Measured enthusiasm: does the method of reporting 
trial results alter perceptions of therapeutic effectiveness? Ann Intern Med 
1992;117:916–21.
 23 caverly tJ, Prochazka aV, Binswanger ia, et al. confusing relative risk with absolute 
risk is associated with more enthusiastic beliefs about the value of cancer screening. 
Med Decis Making 2014;34:686–92.
 24 Bucher Hc, Weinbacher M, gyr K. influence of method of reporting study results on 
decision of physicians to prescribe drugs to lower cholesterol concentration. BMJ 
1994;309:761–4.
 25 Dickson er, grambsch PM, Fleming tr, et al. Prognosis in primary biliary cirrhosis: 
model for decision making. Hepatology 1989;10:1–7.
 26 Saffioti F, gurusamy KS, eusebi lH, et al. Pharmacological interventions for primary 
biliary cholangitis: an attempted network meta- analysis. Cochrane Database Syst Rev 
2017;28.
 27 Poupon re, Poupon r, Balkau B. Ursodiol for the long- term treatment of primary 
biliary cirrhosis. the UDca- PBc Study group. N Engl J Med 1994;330:1342–7. 7. 
FigUre legenDS.
 28 lefkowitch JH. liver biopsy assessment in chronic hepatitis. Arch Med Res 
2007;38:634–43.
 29 ter Borg PcJ, Schalm SW, Hansen Be, et al. Prognosis of ursodeoxycholic acid- treated 
patients with primary biliary cirrhosis. results of a 10- yr cohort study involving 297 
patients. Am J Gastroenterol 2006;101:2044–50.
 o
n
 June 18, 2020 at Universita degli Studi di M
ilano. Protected by copyright.
http://gut.bmj.com/
G
ut: first published as 10.1136/gutjnl-2019-319057 on 16 December 2019. Downloaded from 
